Significance of the four carboxyl terminal amino acid residues of bovine pancreatic ribonuclease A for structural folding.
The C-terminal amino acid residues of bovine pancreatic ribonuclease A (RNase A) form a core structure in the initial stage of the folding process that leads to the formation of the tertiary structure. In this paper, roles of the C-terminal four amino acids in the structure, function, and refolding were studied by use of recombinant mutant enzymes in which these residues were deleted or replaced. Purified mutant enzymes were analyzed for their secondary structure, thermal stability, and ability to regenerate from the denatured and reduced state. The C-terminal deleted mutant enzymes showed lower hydrolytic activity for C>p and nearly identical CD spectra compared with the wild-type enzyme. The rate of recovery of activity was significantly different among the C-terminal deleted mutant enzymes when air oxidation was employed in the absence of GSH and GSSG: the rates decreased in the order of des-124-, des-(123-124)-, and des-(122-124)-RNase A. It is noteworthy that the regeneration rates of mutant RNase A in the presence of GSH and GSSG were nearly the same. Des-(121-124)-RNase A failed to recover activity both in the presence and absence of glutathione, due to the mismatched formation of disulfide bonds. The mutant enzyme in which all of the C-terminal four amino acid residues were replaced by alanine residues showed lower hydrolytic activity and an indistinguishable CD spectrum compared with the wild-type enzyme, and also recovered its activity from the denatured and reduced state by air oxidation. The D121 mutant enzymes showed decreased hydrolytic activity and identical CD spectra compared with the wild type. The recovery rates of activity of D121A and D121K were determined to be lower than that of the wild-type enzyme, while the rate of recovery of D121E was comparable to that of the wild type. The C-terminal amino acids play a significant role in the formation of the correct disulfide bonds during the refolding process, and the interaction of amino acid residues and the existence of the main chain around the C-terminal region are both important for achieving the efficient packing of the RNase A molecule.